Abstract-Free Space Optical FSO is a promising optical technology that has a great chance of complementing the traditional wireless communication. It offers unlicensed, higher speed, broader, unlimited bandwidth and excellent security. However, the quality of FSO links is greatly affected by weather conditions and link distance. In the tropical regions, the quality of the FSO links is affected mainly by rain attenuation while the air quality is presumed to have little or no impact. However, a state of emergency has consecutively been declared in some part of Malaysia during the past three years due to high air pollution index (API). Since the range of FSO link is limited by air pollution, haze attenuation must be considered as one of the important factors in FSO link design. The aim of this paper is to provide an analysis and simulation of the FSO link with real data from Meteorological Malaysia department (MMD) on haze weather under two different wavelengths 850nm and 1550nm. This paper will discuss the different rate of attenuation operating in the medium between transmitter and receiver and their impact on the link margin calculation. In addition, it will evaluate the maximum distance link for wavelengths and consider the different visibility under the attenuated weather.
INTRODUCTION
Free space optical is an optical technology that offers a high-speed last-mile solution, unlimited bandwidth and free licensing of frequency. This technology requires a clear line of sight between the source and the destination where transmitter and receiver are usually mounted at the roof top of the building. The major limitation of this technology is the influence of weather conditions such as fog, haze, rain and scintillation on the effectiveness of the FSO system condition especially in long distances transmission [1] . The range of FSO link operating in the temperate and tropical regions has been reported by many studies to be limited by fog and heavy rainfall respectively [2] . However, the literature on the effect of haze attenuation on FSO link is relatively limited, especially in Malaysia. The effect of haze on FSO system can be determined by estimating the scattering coefficient. The atmospheric attenuation can be calculate based on the scattering coefficient of small particles like haze, fog and smoke as the transmission becomes more dependent on wavelength. According to ITU-R, the effect of haze attenuation on the visibility condition can be categorized as low visibility (V<6Km), average visibility (6Km<V<50Km), and high visibility (V>50Km) [3] . This study focused on the effect of haze in Subang Airport with data on haze weather obtained from Malaysia Meteorological Department (MMD). The data were collected based on hourly reading for a period of three months (July, August, and September) in 2015. The lower visibility was 0.2 Km during the year and about 2207 data was collected during the selected three months [4] . The aim of this paper is to analyse and simulate different weather attenuation focussing mainly on the effect of haze using real data obtained from Subang airport under two different wavelengths (850nm and 1550nm). In addition, it will also evaluate the link margin and maximum link distance for the same weather condition.
II. LINK MARGIN
Link margin also called as fade margin is the percentage of time that the line is not operating and when the link margin is not exceeded as link availability. It is the threshold for the percentage of time the link is operating. The percentage of time during which the link margin is not transcended is defined in term of link availability. The maximum distance FSO transmission can be achieved when link margin equals zero so the condition of link availability of FSO is LM more than additional loss. Link availability is calculated based on clear weather condition and in the presence of weather effects such as rain and haze. Link margin can be calculated as follows [5] [6] .
Where, Pe -is total power of the emitter (dBm), ʜSrʜ -is sensitivity of the receiver (dBm), Attgeo -is geometrical attenuation (dB), Attrain -is rain attenuation (dB), Atthaze -is haze attenuation (dB), Attscin -is scintillation attenuation (dB).
III. GEOMETRIC ATTENUATION
Information about geometric attenuation makes it possible to evaluate received power level and link margin necessary to determine the performance of FSO links. Geometric attenuation causes the light beam to diverge as it moves throughout its propagation path; this loss is constant for a specific FSO system as it does not vary with time. There is a positive relationship between link distance and geometric attenuation, as Link distance increases, geometric attenuation also increases [6] . Geometric attenuation is made up of three main parameters necessary for optimizing the performance of FSO link; these include minimizing the divergence angle and link distance and increasing the receiver aperture area. The divergence angle and receiver aperture area are crucial in the design of FSO. Mathematically, the geometric attenuation can be expressed in dB as follow
Where , ș -is divergence angle, D -is receiver aperture area, L -is link distance.
IV. HAZE ATENUATION
Engineers from the optical community prefer to rely on visibility range to predict haze attenuation. According to data obtained from Malaysia meteorological department, a state of emergency was declared consecutively for three years in most parts of the country due to high air pollution index (API). In 2015 during the haze weather induced by forest burning in Indonesia, the lowest hourly recorded visibility range was on 16 November which is around 200m [4] . As a result of this, haze attenuation must be considered as one of the important factors in FSO link design in Malaysia. The visibility condition can be categorized as low visibility when visibility less than 6Km, while the visibility is between 6Km and 50Km average visibility, and high visibility when more than 50 Km. the scattering coefficient will be as a function of the visibility and wavelength. We the determine scattering coefficient by using equation
Where, ȕ -is scattering coefficient, V -is visibility (Km), Ȝ -is wavelength in nanometres
The parameter ı depends on the visibility distance range according to Kruse model is given:
Atmospheric attenuation on haze days can be calculated by using
Haze visibility data obtained from Malaysia Meteorological Department (MMD) to Subang Airport for period of three months July, August and September. The visibility data were registered on hourly observation. Fig. 1 represents the average visibility for each day during three months. We can see, the lowest visibility value was measured in September where was average visibility on some days around few hundred meters. ൗ .In the first wavelength (850nm), the simulation of the scattering coefficient showed a value of (18 Km -1 ) under extreme low visibility (0.2 Km) which was the lowest amount recorded from MMD in 2015. The second wavelength (1550nm) scattering coefficient was (10 Km -1 ) at the same visibility value (0.2 Km). Furthermore, the wavelength of 850nm is much more scattered than the wavelength of 1550nm. Fig . 3 shows the atmospheric attenuation versus low visibility. The link range is1 Km between the transmitter and receiver. The atmospheric attenuation at the low visibility of (0.2 Km) is about 80 dB and 42 dB for 850nm and 1550nm wavelengths respectively. In the middle visibility of 0.6 Km, the atmospheric attenuation is approximately (23dB) at 850nm and (17dB) at 1550nm. This is also consistent with the Kurse model as the predicted attenuation is lower at the NIR wavelength than at the visible wavelengths (1550nm has a lower attenuation than 850nm for all visibility ranges). This reveals that the atmospheric attenuation in haze days is wavelength dependent. Furthermore, the wavelength (1550nm) was able to reduce the atmospheric attenuation effect on the FSO system. Thusly, operating at 1550 nm wavelength will minimize the effects of atmospheric attenuation on the FSO system. Atmospheric attenuation increases as the distance between the transmitter and receiver increases. That is, the transmission quality of the FSO technique depends directly on the link range between transmitter and receiver. Based on the result obtained under lower visibility at 0.5 Km, the atmospheric attenuation was about (48 dB) for 850 nm wavelength and (40 dB) for 1550nm wavelength at the distance of 1.5 Km. Also, the atmospheric attenuation was about (95 dB) for wavelength 850 nm and (80 dB) for wavelength 1550 nm at link range of 3 Km.
Other models employed to evaluate the atmospheric attenuation are that of Al-Naboulsi. Al-Naboulsi proposed an expression to predict the wavelength during haze attenuation using the coefficient of convection and advection for wavelengths from 690 nm to 1550 nm. 6 shows the Geometric loss plotted as a function of distance where the divergent angle for receiver aperture was 0.08 m. It shows the impact of these parameters on the geometric loss for link distance up to 5 Km. In a setup of divergence angle 10 mrad and receiver aperture of 0.08m, it can be seen that the geometric loss at the link distance 1 Km is around 42 (dB) to almost 58 (dB) at 5Km. Whereas in a setup of divergence angle 2 mrad, the geometric loss is around 28 (dB) and 41 (dB) at 1 Km and 5 Km respectively. This finding reveals ways of increasing FSO link availability in Malaysia. Based on the FSO system parameters as shown in Table 1 , we can calculate total attenuation which is both haze attenuation and geometric attenuation. Figure 7 and Figure 8 present total attenuation in heavy haze at the range of 0.5 Km to 3 Km for different visibility 0.2, 0.4 and 0.8 Km. In Fig. 7 and Fig. 8 , it is shown that attenuation increases exponentially with link range increase. From these figures, the total attenuation produced when wavelength 1550 nm at visibility 0.4 Km is about 18 dB to 80 dB for link range of 0.5 Km to 3 Km. while wavelength 850nm the total attenuation affecting the FSO system is about 25 dB to 95 dB for the same link range and 0.4 Km for visibility. This means that is FSO a short distance in necessary to meet the lower total attenuation effect in the transmission link. In addition, the total attenuation effect the 1550nm wavelength is less for the 850nm wavelength.
Illustrate the attenuation at different visibility for two wavelengths 1550 nm and 850 nm respectively. 
VII. CONCLUSION
The relationship between haze attenuation and visibility was investigated. The selection of wavelength has a strong impact on the attenuation coefficient and capable of influencing the quality of transmission in free space optical. An increase in weather visibility will lead to a decrease in attenuation coefficient. The results showed that the wavelength 1550nm is more effective than wavelength 850nm, therefore, the wavelength 1550nm is more suitable for FSO. In addition, the results shows that link margin for different visibility under wavelength 1550nm was better than at the wavelength 850nm.
